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Tém tat

Bai bao trinh bay két qua nghién ctru tinh cong téc, cuong do nén va kha ning chiu nhiét ciia bé tong dam lin chira xi 10 cao
va tro triu. Xi 10 cao va tro trdu 13 vat liéu thay thé xi ming & cac ty 16 15%, 30% va 45% theo khéi luong. Két qua nghién
ctru chi ra rang tinh cong tac cua bé tong ddm l3n ting khi thay thé xi mang bing xi 16 cao, ngugc lai tinh céng tac giam khi
thay thé bang tro trdu. Cuong do nén cua bé tong dim lin xi 16 cao & 7 ngay tudi thip hon cudng do nén ciia bé tong dam
13n ddi ching. Tuy nhién cudng d6 nén cua tit ca cip phdi bé tong dim l3n xi 10 cao & 28 va 90 ngay cao hon bé tdng ddm
lan d6i chu’ng Trong khi do, bé tong d4m lan tro triu c6 cuong do nén & 7, 28 ngay tudi thdp hon cuong d0 nén cua be tong
d6i chung. G 90 ngay, bé tong dAm lan chira 15% tro triu dat cuorng d6 nén cao hon bé tong dam lin d6i chung. D6 6n dinh
nhiét ciia bé tong dim lin xi 16 cao va bé téng ddm lan tro trdu cao hon bé téng ddm lin xi mang.

Tuwr khoa: bé tong dam lan; cuong do nén; do mét khéi lugng; kha nang chiu nhiét; tro tréu; xi 1o cao.

PROPERTIES COMPARISON OF ROLLER-COMPACTED CONCRETE WITH GROUND GRANULATED
BLAST-FURNACE SLAG AND RICE HUSK ASH
Abstract

This paper presents a comprehensive study on the workability, compressive strength, and thermal resistance of roller-
compacted concrete (RCC) incorporating ground granulated blast-furnace slag (slag-RCC) and rice husk ash (RHA-RCC) as
partial cement replacements. Cement was replaced by ground granulated blast-furnace slag and rice husk ash at 15%, 30%,
and 45% weight percentages. The results indicate that slag-RCC exhibits improved workability compared to conventional
RCC, while RHA-RCC shows reduced workability. Although slag-RCC demonstrated lower compressive strength than the
control at 7 days, all slag mixtures surpassed the control in strength at 28 and 90 days. In contrast, RHA-RCC displayed
lower compressive strength than the control at both 7 and 28 days; however, the mix containing 15% RHA exceeded the
control’s strength by day 90. The thermal resistance of slag-RCC and RHA-RCC was higher than that of the control.
Keywords: roller-compacted concrete; compressive strength; mass loss; thermal resistance; rice husk ash; ground granulated
blast-furnace slag.
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1. Giéi thiéu
Ngay nay viéc tai str dung cac phé thai cong nghiép, nong nghiép, vi du nhu tro bay, xi 10 cao, tro
trau dé thay thé mot phan xi ming trong san xut bé tong dé giam thiéu 6 nhiém mai truong dang 14
mdt trong nhiing giai phap hi¢u qua dé nganh xay dung phat trién bén vimg. Nhiéu nghién ciru khoa
hoc da chimg minh tinh hiéu qua cta xi 16 cao khi thay thé mot phan xi ming trong san xuat bé tong.
Oner and Akyuz [1] cho biét bé tong sir dung xi 16 cao thay thé mot phan xi méing s& c6 cudng do nén
& tudi sém (3 hodc 7 ngay tudi) thap hon cudng do nén cua bé tong ddi chung. Sau d6, cudng do nén
bé tong ting khi ting ham lugng xi 16 cao thay thé xi mang va ham luong xi 10 cao t6i wu thay thé xi
ming 14 55%. Néu luong xi ming dugc thay thé bang xi 16 cao vuot qua 55%, cudng do nén bé tong
khong duogc cai thién. Tuy nhién, 30% xi mang duoc thay thé béng xi 10 cao ¢ hat si€u min, voi ty
dién bé mit 870 m?/kg, s& lam ting cudng dd nén cua bé tdng cudng dd cao & 3 ngay tir 12,5% dén
23,5% tiy theo cap phdi [2]. Pdng thoi, cuong d chiu udn cua bé tong cudng do cao & 3 ngay tudi
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cling tang tir 6% dén 56,5% [2]. Bén canh d6, Kwon [3] tiét 16 rang viéc str dung 30% xi 16 cao thay
thé xi mang lam giam phan Gng kiém cbt liéu trong bé tong cudng do cao. Ngoai ra, cac chi tiéu thé
hién do bén cua bé tong dung xi 16 cao thay thé mot phan xi ming ciing dugc cai thién. Yeau va Kim
[4] bao cao rang kha ning chdng dn mon cdt thép ciia bé tong chira 40% xi 16 cao t6t hon bé tong
thong thudng. Bé tong tinh ning cao chira xi 16 cao c6 do hit nudc thap hon bé tong dbi ching [5].
Do thdm nude cia bé tong dam lan chira 20% hodc 40% ham lugng xi 10 cao giam so véi mau bé tong
chuan [6]. Khi luong xi 10 cao st dung ting dén 60%, d6 tham nude ctia bé tong ddm lin sé ting cao.
Chinh va Trung [7] cho biét xi 10 cao ning cao kha ning chong xam thyc axit ctia bé tong. Bé tong
bt liéu tai ché xi 10 cao 6 hién tugng nit bé mit va giam cuong d nén, cuong do udn it hon bé tong
cot lidu tai ché khong co xi 10 cao, két qua tir nghién ciru ctia Tung va cs. [8]. V4, Tung va cs. [8] két
luan 40% xi 16 cao thay thé xi mang l1a ham lugng hi€u qua trong ché tao bé tong cbt liéu tai ché chiu
nhiét.

Tro triu, thu duoc tir viéc d6t vé triu trong 10 nung & nhiét do tir 500 °C dén 700 °C, ¢6 thanh
phan silicon dioxide (SiO5) chiém 90% [9]. Xu va cs. [10] di ching minh véi cau trac rong bao gdm
3 16p da lam cho tro triu co ty dién bé mat 16n, cung véi hoat tinh héa hoc rét cao. Ty dién bé mat
clia tro tréu co thé dat 50.000 m?/kg véi kich thude hat tir 10 — 75 pm [9]. Ngoai ra, Xu va cs. [11]
con khuyén nghi ring viéc nghién tro trAu qua min cai thién khong nhiéu hoat tinh pozzolan cua tro
trau vi pha hay céu trac rdng cta tro trdu. Xu va cs. [11] d& xut sau khi nung, thoi gian nghién tro
trau hiéu qua 1a 30 phut. Vi cau trac vo dinh hinh, ty dién bé mit 16n va hoat tinh hoa hoc cao, tro
trau khi dugc str dung dé thay thé mot phan xi méing trong san xuét bé tong da cai thién dang ké cac
chi tiéu co hoc va d6 bén ciia bé tong. Bé tong chira 20% tro triu thay thé xi mang dat cudong do ¢ 28
ngay tudi trong dwong cudng do bé tong ddi chimg [12] va cudng do bé tong cbt lidu tai ché chira tro
trdu vuot cuong do bé tong dbi chung ¢ 60 ngay tudi [13]. DO thim ion clorua, d6 hut nudc cia bé
tong cbt liéu tai ché giam khi st dung tro tru [14]. Ngoai ra, bé tong ct soi thép 1am bang cdt lidu
tai ché va tro triu c6 kha ning khang axit cao [15]. Viéc cai thién cac chi tiéu co hoc va do bén cia
bé tong tro trdu 1 két qua cua cic phan tmg pozzolan giita tro triu va portlandite tao ra cac khoang
chat C-S-H thir cip. Cac san pham nay khong bi hoa tan trong nude, co ciu tric 16 rdng nho da mang
lai 46 bén cho bé tong tro triu [16]. Bén canh do, tro trdu khi thay thé xi mang ciing cai thién cudng
do va do bén cia bé tong tu lén [17, 18] va bé tong si€u tinh nang [18]. Theo bao cao cia B Nong
nghiép va Phat trién nong thon, nam 2024 Viét Nam dung thi 3 thé gidi voi xuat khau gao. Vo triu,
san pham phuy ctia qua trinh san xuat lta gao, chiém 20 — 25% trong lugng lta, ude tinh dat khoang 10
— 11 triéu tin thai ra hang ndm ¢ Viét Nam. Day s& 1a ngudn nguyén liéu doi dao dé san xudt tro trdu
phuc vu cho nganh cong nghiép bé tong. Tuy nhién qua qua trinh tong quan tai liéu, tc gia nhan thay
rang chua c6 nhiéu cong bb nghién ctru vé kha ning chiu nhiét ctia bé tong tro trau. Chi c6 Nazari va
Toufigh [19] nghién ctru kha ning chiu nhiét ctia bé tong tro trau véi ty 18 tro trdu dao dong tir 4% dén
8% va chiig minh rang bé tong tro trdu c6 kha ning chiu nhiét cao hon bé tong thong thuong. Trong
khi d6, ham luong tro trdu thay thé xi mang t&i wu dé cai thién cudng do bé tong 1a tir 15% dén 20%
[20].

Bé tong dam lan 1a mot loai bé tong kho, khong c6 do sut, thuong duogc st dung dé xay dung
mit duong va dap thuy dién. Bé tong dam ldn c6 thanh phan nguyén vat liéu tuong tu bé tong thong
thuong. Viée sir dung cac phu gia khoang hoat tinh, ddc biét 1a tro bay, dé thay thé xi mang trong bé
tong dam lan rat phd bién. Tuy nhién viéc sir dung cac phu gia khoang khac, vi du nhu xi 16 cao va
tro trdu van chua dugc nhiéu khoa hoc quan tim nghién ctru. Vi vy, muyc tiéu ciia nghién ctru nay 1a
danh gia mot s chi tiéu k¥ thuat cia bé tong dam lin sir dung ham luong xi 10 cao va tro trau & mirc
cao, dao dong tir 15% dén 45% khdi luong xi mang.
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2. Nguyén vat liéu va phwong phap thi nghiém

2.1. Nguyén vt liéu
a. Chét két dinh

) Xi mang poodc lang Nghi Son PC50 (H‘inh 1(a)), c6 thanh phan hoa hoc va céc chi tiéu ky thuél:c
thé’ hién trong Bél‘ng 1, thda man céac yéu cau k¥ thuat theo TCVN 2682:2020 [21] dugc st dung dé
ché tao bé tong dam lan.

s

(a) Ximang (b) Xilo cao (c) Tro trau
Hinh 1. Xi méng, xi 10 cao va tro trau

Xi 16 cao cia nha may Formosa (Hinh 1(b)) c6 cac chi tiéu k§ thuat va thanh phan héa hoc, liét ké
trong Bang 1, phtt hop TCVN 11586:2016 [22] duoc st dung dé thay thé mot phan xi mang trong ché
tao bé tong dam 1an xi 16 cao. Can ctt vao ty dién bé mat va chi sb hoat tinh cuong do cua xi 10 cao thé
hién trong Bang 1, xi 10 cao ding trong nghién ctru nay dugc xép loai S95 theo TCVN 11586:2016
[22].

Béng 1. Cac chi tiéu k¥ thudt ctia xi mang, xi 10 cao va tro trau

Céc chi tiéu Ponvitinh Ximing Xildocao  Tro trdu
(a) Chi tiéu co ly
Khéi lugng riéng g/em® 3,05 2,88 2,05
Cuong d6 chiu nén MPa
3 ngay 27,6 - -
7 ngay 34,2 - -
28 ngay 57,2 - -
Thoi gian dong két phut
Bit dau 110 - -
Két thiic 170 - -
Do min
Luong sot trén sang 0,09 mm, xac dinh theo % 1 - -
phuong phap sang
B& mat riéng, xac dinh theo phuong phap cm?/g 3800 5260 2,740,000*
Blaine
bo on dinh thé tich, xéac dinh theo phuong mm 0,2 - -
phap Le Chatelier
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Cac chi tiéu Pon vi tinh Xi mang Xi 16 cao Tro trau
Chi s6 hoat tinh cuong d6 & %
7 ngay - 88,9 95
28 ngay - 113,5 -
Ham lugng mat khi nung % - 0,35 2
(b) Thanh phén hoa hoc %
CaO 63,83 38,17 0,13
Si0; 20,62 40,58 95,61
Al O3 4,75 11,44 0,63
Fe, O3 3,68 0,25 0,06
SO3 2,66 1,53 0,45
MgO 1,85 5,39 -
K0 0,70 0,72 1,92

*Két qua nghién ctru ciia Salas va cs. [23].

Vo trdu c6 ngudn gdc tir dong bang séng Ciru Long duge thu thap vé phong thi nghiém. Sau khi
duoc ria sach dé loai bo tap chét, vo trau duoc ngam trong dung dich axit clohidric (HCI) néng do
1 M trong vong 24 gio. Sau 24 gid, vo triu duoc vét ra khoi dung dich axit clohidric va rira sach nhiéu
lan dé loai bo hoan toan dung dich axit. Sau qua trinh xir Iy bang dung dich axit, vo trau s& dugc nung
trong 16 voi tde do gia nhiét 10 do/phut dén nhiét do 600 °C va duy tri mae nhiét d6 600 °C trong 3
gid. Salas va cs. [23] dd chiing minh rang vo triu, sau qué trinh xtr Iy bang dung dich axit, duoc dot &
nhiét do 600 °C trong 3 gio théa man cac yéu cAu cho vat liéu pozzolan theo ASTM C618 [24]. Bén
canh d6, Venkatanarayanan and Rangaraju [20] ciing ¢ két luan tuong tu vé hoat tinh cia pozzolan
cua tro triu sau khi nung & nhiét d6 600 °C trong 3 gid. Ngoai ra, Nehdi va cs. [25] cho biét rang dé
nang cao hiéu qua pozzolan kich thudc hat tro triu cin nho hon kich ¢& hat trung binh ciia xi mang.
Vi vy, trau sau khi d6t thanh tro s& duoc nghién bang may nghién bi trong vong 30 phit. Bang 1 thé
hién thanh phan héa hoc ctia tro trdu sau xir Iy bang phuong phap phan tich huynh quang tia X (XRF).
Hinh 2 thé hién két qua thi nghiém kich thuéc hat bang phuong phép laser va Hinh 3 1a két qua nhiéu
xa X-ray (XRD) ciia tro trdu sau xir ly. Két qua thi nghiém thanh phan hat cho thay kich thudc hat
trung binh ca tro trau 1a 5,7 pm, nho hon kich thuéc hat trung binh ca xi mang 1a 16,6 pm. Két qua
thi nghiém nhiu xa X-ray cua tro trdu (Hinh 3) chiing to tro trau sau xir Iy c6 cdu triic vo dinh hinh.
Bén canh d6, chi s6 hoat tinh cuong do cua tro triu x4ac dinh theo TCVN 6016:2011 [26] 1a 95%. Vi
vay c6 thé két luan rang tro tréu st dung trong nghién ciru nay 1a phu gia khoang hoat tinh cao theo
TCVN 8827:2011 [27].

b. Cot liéu

D4 dam va cat song co ngudn gde tir mo da cat Tan Dong Hiép, thanh phd H6 Chi Minh (Hinh 4(a)),
¢6 chi tiéu k¥ thuét trong Bang 2 phtthgp TCVN 7570:2006 [28], dwoc sir dung lam c6t liéu. Hinh 4(b)
thé hién gidi han trén va giéi han dudi thanh phan hat yéu cau cua cdt liéu dé ché tao bé tong dam lan
theo Hiép hoi bé tong mit duong My [29]. Theo Hinh 4(b) ta ¢6 cbt liéu sir dung trong nghién ctru
thoa min yéu ciu vé thanh phan hat theo TCVN 7570:2006 [28].
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Bang 2. Chi tiéu ky thuat cia cét licu

o Khdi lugng riéng  Khoi luong thé tich xop Do hat nude . .,
Vit liéu ong & ong p j M6 dun dd 16n  Dypax

(g/cm’) (kg/m’) (%)
Cat séng 2,65 1502 1,2% 2,2 -
Pa dam 2,75 1447 0,5% - 20

2.2. Cap phéi bé téng dam lan
Thanh phan cap phdi bé tong dam lin duoc thiét ké theo phu luc A cta tiéu chudn TCVN 10403:2015
[30]. Theo TCVN 10403:2015, ty 1& chat két dinh va nudc duoc xac dinh theo cong thire (1).

CKD
Ry = AR} (T - B) (1)

trong d6 Rog cuong dd nén cua bé tong dam lan yéu cau ¢ 90 ngay tudi (MPa), Rg” cuong do nén xi
ming & 28 ngay tudi (MPa), CKD/N 1a ty s6 giita ham lugng chat két dinh va nuéc va A = 0,811, B
=0,581 12 2 hé s thuc nghiém ldy theo tiéu chudn TCVN 10403:2015.

Véi mong mudn cudng d6 bé tong dim lan yéu cdu ¢ 90 ngay tudi dat 55 MPa va xi méing sir dung
1a PC50, ty 18 chit két dinh va nudc tinh duge ra cong thirc (1) 1a 1,937.

Luong nudce tdi wu sir dung trong 1 m* bé tong 2330
dam lin dugc xac dinh thong qua duong cong thé
hién mdi quan hé giita lwong nudc nhao tron va
khdi lugng thé tich kho ciia hdn hop bé tong dim
lan (Hinh 5). Phuong phéap nay rat pho bién trong
thiét ké cap phdi bé tong dam lan [31-33]. Dé xdy
dung duong cong nay, hdn hop bé tong dam lin
duoc nhao tron véi cac lugng nuwdc khac nhau,
khéi lugng thé tich kho tuong umg s& duoc xac
dinh sau khi hdn hop bé tong dam lan dwoc dam 2
chit trong cbi Proctor theo ASTM D1557 [34]. 260 ¢
Ham lugng nude khuyén nghi sir dung theo TCVN 2250
10403:2015 tir 100 lit dén 120 lit cho 1 m® bé tong 0000 e 1 0 150

< . N v Lugng nudc nhao trén (lit)
dam lan st dung cat nghién va d4 dam cé Dpx =
20 mm. Vi vdy, ndm gia tri luong nude nhao tron, Hinh 5. Moi quan h¢ gitta luong nude nhao tron
cu thé 1a 100, 110, 122, 133 va 144 lit, duoc dé va khoi luong thé tich kho ctua bé tong dam lan
xuét trong nghién ctru nay dé xac dinh luong nudc
t6i uu. Bén canh do, ty s6 giita ¢t liéu 16n va ¢t liéu nho tdi wu dugc chimg minh bi Hashemi va
cs. [35]1a 1,2. Tur d6, khéi lwong cbt liéu st dung trong 1 m> bé tong dim l3n ddi chimg (ki hiéu CT)
dugc tinh toan thé hién trong Bang 3. Luong nudc nhao tron t61 wu x4c dinh theo Hinh 5 1a 126,5 kg
va luong xi mang str dung trong 1 m® bé tong ddm lan dbi chung 1a 250 kg.

2322

2320

2310

2300
y = -0.0849x + 21.486x + 964.01

R?=0.9734
2290

2280

Khéi luong thé tich khé (kg/m?3)

Bang 3. Thanh phan cip phéi bé tong dim lin

- Nude Chat két dinh Cét ligu
Cép phdi .
PP (kg/m?) Xi10 cao Tro trau Ximang Cat séng ba dam
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?)
CT 126,5 - - 250 1074 895
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o Nude Chét két dinh Cét lidu
Cap phoi 3 _ . X
(kg/m™) Xi 16 cao Tro trau Ximang Céat song bé dam
(kg/m?) (kg/m?) (kg/m?) (kg/m?) (kg/m?)
X15 126,5 37,5 - 212,5 1074 895
X30 126,5 75 - 175 1074 895
X45 126,5 112,5 - 137,5 1074 895
T15 126,5 - 37,5 212,5 1074 895
T30 126,5 - 75 175 1074 895
T45 126,5 - 112,5 137,5 1074 895

Bé tong dam lan xi 10 cao dugc ché tao bang cach thay thé mot phan xi mang bang xi 10 cao. Ty
1€ xi mang thay thé b::ing xi 10 cao 1an lugt 12 15%, 30% va 45% theo khoi luong. Tuong tu, dé ché
tao bé tong dam lan tro triu, xi mang duoc thay thé bang tro triu véi cac ty 18 15%, 30% va 45% theo
khéi lwong. Cép phdi cua bé tong dam lan xi 1o cao va bé tong ddm lan tro trdu duoc thé hién trong
Bang 3.

2.3. Phwong phap thi nghiém
a. b6 cting Vebe

Qua trinh tron hdn hop bé tong dam ldn bang may tron cudng birc theo quy trinh nhu sau: chat két
dinh va cét liéu dugc tron kho trong vong 2 phut. Sau d6 nudc duoc db tir tir vao ¢di tron va hdn hop
tiép tuc dugc tron trong vong 3 phut cho dén khi duge hon hop déng nhét. Sau khi khi nhao tron, hdn
hop bé téng dam lan duoc xac dinh tinh cong tac bang nhdt ké Vebe theo TCVN 13267:2023 [36].
b. Cuong do nén

Cac mau 1ap phuong kich thuée 100 mm duoc chuan bi dé thi nghiém cuong do nén cua bé
téng dam lan. Quy trinh chudn bi mau theo TCVN 3105:2022 [37]. Sau khi d6 khuén, mau duoc bot
kin bang ni 16ng dé tranh thoat hoi nude. Mau dugc thdo khudn sau 24 gid dac mau va bao dudng
trong nudc dén ngay thi nghiém. Cudng do nén dugc thi nghiém & 7, 28 va 90 ngay tudi theo TCVN
3118:2022 [38].
¢. Kha nang chiu nhiét

Sikora va cs. [39] cho biét ring sy mat cuong do khong xay ra khi vita xi mang tiép xuc voi nhiét
d6 dudi 300 °C. Khi nhiét d6 tiép xuc trén 300 °C, su giam cuong dd xay ra do sy phan hity cac khoang
C-H va C-S-H [40]. Trén 600 °C, cac khoang CaCOj bat dau phan huy, dong thoi cdt liéu truong no,
cac vét nirt 16n xuat hién dan dén cuong d6 giam tir 70% dén 90% [41]. Tuy nhién, sy giam cuong
d6 phu thudc vao loai xi mang, phu gia khoang va ct liéu sir dung trong ché tao bé tong [42]. Vi vay
trong nghién ctru nay, kha nang chiu nhiét caa bé tong dam lan xi 1o cao va bé tong dam lin tro trdu
dugc danh gia qua sy mat khdi lugng va cudng do nén con lai ciia mau bé tong sau khi tiép xtic voi
cac muc nhiét 300 °C, 600 °C va 900 °C trong vong 3 gio.

Céac miu bé tong dam lin ¢ 90 ngay tudi s& dugc siy kho ¢ 100 °C trong vong 24 gid. Sau khi
séy, cac mau duoc can khoi luong m;. Sau d6, mau duge cho vao 16 nung véi tde do gia nhiét 1a 10
do/ phut. Thoi gian duy tri mc nhiét chi dinh (300 °C, 600 °C va 900 °C) 1a 3 gio. Khi qua trinh nung
mau hoan tit, mau tiép tuc duoc dé trong 16 nung 2 ngay, cho dén khi nhiét do 10 giam xubng dudi
50 °C. Ngay sau khi liy ra khoi 16 nung, mau dugc can khdi lugng my. DO mat khéi lugng ciia mau
dugc tinh theo cong thuc (2).

mp —m
ML = 1 2

x 100% 2
mj
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trong d6 ML d6 mét khdi lwong (%), m; khéi lwong mau truée khi nung (g), m» khdi luong méu sau
khi nung (g).

Cuong d6 nén con lai ciia mau dugc xac dinh sau khi mau dugc léy ra khoi 16 nung 3 ngay theo
TCVN 3118:2022 [38].

Céc két qua thi nghiém duoc béo céo trong nghién ciru nay 1a gid tri trung binh tir 3 miu thi
nghiém.
3. Két qua thi nghiém
3.1. D¢ cung Vebe

Hinh 6 thé hién d6 clig Vebe cta bé tong dam 50
lan xi 16 cao va bé tong dim lan tro trdu. Khi thay
thé xi ming bang tro trdu véi ty 1¢ 15%, 30% va 45
45%, do cing Vebe cia bé tong ting 1én. Cy thé
bé tong dam lin chira 15%, 30% va 45% tro trau
c6 do cung Vebe lan lugt 14 37 s, 40 s va 44 s. Két
qua nay cho thy rang tinh cong tic cta bé tong
giam khi tang ham luong tro trdu trong bé tong.
Endale va cs. [43] va Jain va cs. [44] ciing c6 két
luén twong ty khi nghién ciru vé tinh cong tac cua
bé tong chira tro tru. Hién tuong nay c6 thé do 25
cAu truc rong xép cua tro trau (Hinh 7(a)) dan d&én —e—B¢ tong dém lan xi
viéc tro trau hép thy mot luwong nudc ty do trong 20
bé tong va lam giam tinh cong tac. Nguoc lai, do
cling Vebe cua bé tong dam lan chira 15%, 30% va Ham luong xi 16 cao! tro trau (%)
45% x@ 16 cao gidm. Nghia la tinh cong tac cua bé Hinh 6. Do cling Vebe
tong dam lan xi 10 cao tang khi st dung xi 16 cao
thay thé mot phan xi mang. Véi ty 18 15%, 30% va 45% xi mang dugc thay thé bang xi 16 cao, do
cling Vebe ciia bé tong dam lin giam nhe tir 35 s xubng 34 s, 33 s va 32 s. Ly do bé tong xi 16 cao hap
thu nudc it hon bé tong thong thuong 1a do dic diém bé mit hat xi 10 cao. Quan sat anh chup tir kinh
hién vi dién tir quét (SEM) ta thiy hat xi 16 cao voi bé mat nhin, it xu xi (Hinh 7(b)) hon hat xi méing
(Hinh 7(c)).

40

35 ¢

B§ cimg Vebe (s)

30

—e—Bé tong dam lan tro trau

0 15 30 45

(a) Tro tréu (b) Xilo cao (c) Ximang

Hinh 7. Anh SEM hat tro trdu, xi 16 cao va xi ming

3.2. Cuong do nén
Hinh 8 thé hién cuong do nén cia cac loai bé tong dam lan & 7, 28 va 90 ngay tudi. O 7 ngay tudi,
cuong do nén ctia bé tong dam lan doi chiing dat gia tri 16n nhat so vai cudong d6 nén cua bé tong dam
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lan xi 16 cao va bé tong dam lan tro trau. Cudng do nén 7 ngay cia bé tong dam lan ddi ching 1a 42,8
MPa. Bé tong dam lian chita 15%, 30% va 45% xi 10 cao thay thé xi mang c6 cudng d6 & 7 ngay tudi
lan luot 12 40,1 MPa, 38,3 MPa va 37 MPa. So vdi bé tong dam lan d6i ching, khi thay thé 15% xi
ming bang xi 16 cao cudng d6 nén 7 ngay tudi giam 6%. Tuong tu, khi thay thé 30% va 45% xi ming
bang xi 10 cao, cuong d6 nén cua bé tong dam lan giam 11% va 14%. Viéc giam cudng do & tudi som
khi thay thé mot phan xi mang bang xi 10 cao ciing duoc quan sat thiy trong nhiéu nghién ctru da cong
b trude day [2, 31]. Xi 16 cao s& hiru hoat tinh hoa hoc thip hon xi méing vi vy khi thay thé mot
phan xi mang bang xi 16 cao s& lam giam cudng do bé tong dam lin & tudi sém [45]. Tuy nhién, Stark
va cs. [46] tiét 16 rang cac phan tng thity hoa xi ming s& duogc thuc ddy trong méi truong b xi 16 cao.
Do d6, cudng d6 bé tong dam lan xi & 7 ngdy tudi van cao hon cudng do bé tong dam lan tro triu voi
cling mirc thay thé xi mang. Cu thé, cudong do bé tong dam lan chira 15%, 30% va 45% tro trdu & 7
ngay tudi lan lugt 1a 38,2 MPa, 33,3 MPa va 29,8 MPa. D¢ giam cudng d¢ 1an luot 1a 11%, 22% va
30% khi thay thé 15%, 30% va 45% xi ming bang tro trau. Cac phan tmg pozzolan giira tro trdu va
céc san pham cta qua trinh thily hoa xi mang, vi du nhu Ca(OH),, dién ra cham. Do d6, tro trdu chua
c6 sy dong gdp vé cudng do & 7 ngay tudi.

70
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Hinh 8. Cudng d6 nén céc loai bé tong dam lin ¢ 7, 28 va 90 ngay tudi

O 28 ngay tudi, tit ca cac cip phdi bé tong dam lan xi 16 cao (X15, X30, X45) c6 cuong do cao
hon bé tong dim lan ddi chimg. Cu thé, bé tong dim lan chira 15%, 30% va 45% xi 10 cao c6 cudng
d6 ¢ 28 ngay tudi lan luot 1a 52,6 MPa, 54,2 MPa va 55,8 MPa, trong khi cudong do bé tong dam lin
db6i chung 1a 52,2 MPa. Theo Kolani va cs. [47] cac khoang vat chinh cuia cac phan tmg thuy héa xi
ming két hop xi 16 cao 1a C-S-H, C-S-A-H. Nguyen va cs. [48] tiét 16 rang cac khoang vét nay co ty
1é Si/Ca va Al/Si cao hon cic khoang C-S-H, duoc tao ra boi phan tng thily hoa xi ming va ¢ cau
trac vi md déng nhat hon vi vay cudng do bé tong dam lan xi 16 cao hon cuong d6 bé tong dam lin
xi mang. Bén canh d6, cuong do nén cua tit ca cac cap phdi bé tong dam lan chira tro trau (T15, T30,
T45) & 28 ngay tudi van nho hon cuong do bé tong dam lin dbi ching, do cac phan ng pozzolan dién
ra cham. Cuong d6 nén bé tong dam lan ¢ 28 ngay tudi chira 15%, 30% va 45% tro trau dat 50,1 MPa,
47,5 MPa va 45 MPa.

O 90 ngay tudi, cuong do bé tong dam lan xi 10 cao tiép tuc cao hon cudng do bé tong dam lan dbi
chung. Bé tong dam lan chira 45% xi 10 cao ¢6 cuong do cao nhét, dat gia tri 56,3 MPa, cao hon 7,5%
so véi cuong do bé tong dam lan ddi ching. Trong khi do, bé tong dam lan chira 15% tro tréu (T15)
¢6 cudong do & 90 ngay tudi cao hon cudng do bé tong dam lan ddi chimg (CT). Pic tinh pozzolan
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clia tro trdu da cai thién cudng do bé tong dam lan ¢ tudi mudn. Tuy nhién, khi ty 1¢ thay thé xi ming
béng tro triu cao, cu thé 1a 30% hodc 45%, cuong do bé tong dam lan tro trdu thép hon cuong d6 bé
tong dam lan ddi chimg. Quan sat Hinh 9 thé hién két qua nhidu xa X-ray (XRD) mau bé tong dim
lan chira 45% tro trau (T45) ta thay khoang canxi hydroxit (dinh & vi tri 18,10) hoan toan bi tiéu thu
béi tro trdu bang cac phan tmg pozzolan.

2500 -

. 20004
E —
o ——X45
'R 1500 T45
=
E
W@ 1000
e
D
oy 500 Khodng canxi hydroxit
G VMW—N‘FJ\PMHW—M

Goe nhiéu xa 20 (°C)

Hinh 9. Két qua nhiéu xa X-ray cta CT, X45 va T45 & 90 ngay tudi

3.3. Kha nang chiu nhiét
a. Do mat khdi luong
Bang 4 thé hién d6 mat khéi luong ctia cac mau bé tong dam lan sau khi tiép xtic vdi cac mic
nhiét 300 °C, 600 °C va 900 °C trong vong 3 gio.
Bang 4. D6 mét khdi luong (ML, %)

Do mat khoi lugng ¢ cac mirc nhiét do

CAp phdi
0-300°C 0-600 °C 0-900°C 300 °C - 600 °C 600 °C - 900 °C
CT 3,9% 5,9% 9,4% 2,0% 3,5%
X15 4,2% 6,2% 8,9% 2,0% 2,6%
X30 4,2% 6,2% 8,9% 2,0% 2,6%
X45 4,2% 6,2% 8,9% 2,0% 2,6%
T15 4,1% 6,0% 8,8% 1,9% 2,8%
T30 4,1% 6,0% 8,8% 1,9% 2,8%
T45 4,1% 6,0% 8,8% 1,9% 2,8%

O nhiét d6 dudi 300 °C, sy mat nudc lién két trong cac khoang chét (C-S-H, C-A-S-H va céc
calcium alumiate) ciia bé tong xay ra [49]. Két qua phén tich nhiét trong lwong (Thermogravimetric
analysis, TG) cac mau CT, X45 va T45 thé hién trong Hinh 10 ciing kha tuong dong véi két qua &
Bang 4. O mirc nhiét 300 °C, bé tong ddm lan xi ming mat 3,9% khdi lugng. Trong khi do, bé tong
dam lan chira 45% xi 10 cao mat 4,2% khdi luong va bé tong dam lan chira 45% tro trau mat 4,1%
khéi lwong. D6 mat khéi lwong khong co su thay ddi dang ké giira cac mau bé tong dam lin chua
15%, 30% va 45% xi 10 cao. Két qua twong ty ciing dugc quan sat thdy ¢ cac mau bé tong dam lan
chitta 15%, 30% va 45% tro triu.
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Khi bi nung & nhiét do 600 °C trong 3 gio, bé
tong dam lan xi mang, bé tong dam lan xi 10 cao
va bé tong dam lin tro trdu co d6 mat khdi luong
lan luot 13 5,9%, 6,2% va 6,0%. Dya vao Bang 4
ta thay do giam khdi lugng cta bé tong dam lan xi
ming va bé tong dam lin xi 16 cao tir mirc nhiét 300
°C dén 600 °C 12 2%, trong khi d6 ctia bé tong dam
lan tro tréu 1a 1,9%. Song va cs. [50] quan sat thay
thanh phan khoang CaO tang 1én ¢ mirc tir 400 °C
dén 500 °C 1a do sy khir khoang vat canxi hydroxit.
Bé tong dam lin tro trau khong chira khodng canxi
hydroxit (xem Hinh 9), do d6 d giam khdi luong
& muc nhiét nay la nho nhat.

Bé tong dam lan xi mang tiép tuc mat khoang
3,5% khoi lugng khi nhiét do tang tir 600 °C lén
900 °C. Sy mat khéi lwong ciia bé tong dam lan xi
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Hinh 10. Két qua phan tich nhiét trong luong mau
CT, X45 va T45

ming ¢ muc nhiét nay 13 do sy khir CaCOj xay ra & nhiét d6 756 °C (xem Hinh 10). Bé tong dam lin
xi ming kém bén hon bé tong dam lin xi 10 cao va bé tong dam lan tro trau khi bi nung & nhiét d6 900
°C, voi téng dd mat khéi lugng 14 9,4%. Cac mau bé tong dam 13n xi 16 cao va bé tong dam lan tro
trau 6n dinh nhiét hon bé tong dam lan chuan, voi d6 mat khdi luong lan luot 13 8,9% va 8,8%.

b. Cudng do nén con lai

Bang 5 thé hién cudng do nén con lai ctia cac cip phdi bé tong dam lan sau khi tiép xtic nhiét 4o
cao. Cudng dd nén cua tit ca cac cip phdi bé tong dam lan khi bi nung ¢ 300 °C trong 3 gio con lai
khoang 80%. Sau khi bi nung & 600 °C trong 3 gid, bé mit bé tong xuat hién cac vét nit nho, dong
thoi bé tong chuyén sang mau xam den (xem Hinh 11). Luc nay cuong d6 bé tong dam lin & tit ca cac
cap phdi con lai khoang 57%. Két qua thi nghiém tuong tyr, cu thé cudong do giam tir 15% dén 40%

Bang 5. Cudng d0 nén con lai (MPa)

Cép Nhiét d6 nung
phoi 300 °C 600 °C 900 °C
Cuomg db Cuong do Cuong do
Cuongdd  nénconlai  Cuong do n(e; ;’;’nv(lzl Cudng do n(e; ‘Sz(‘)”:,(lil
néncon (% sovdicuong  nén con leén P nén con cuoc‘m o
lai (MPa)  do trudcsau  lai (MPa) NECO 1ai (MPa) ne A
G ép xtic nhiét) ,truorc sau ,trucc sau
i tiép xuc nhiét) tiép xuc nhiét)
CT 42,3 80,7 29,8 56,9 4,2 8,0
X15 42,7 80,6 30,1 56,8 5,4 10,2
X30 43,9 80,3 31,2 57,0 5,6 10,2
X45 452 80,3 32,1 57,0 5,8 10,3
T15 422 80,4 29,9 57,0 5,5 10,5
T30 40,1 80,2 28,4 56,8 5,3 10,6
T45 38,7 80,6 27,3 56,9 5,1 10,6
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dugc quan sat thiy trong két qua nghién ctru cta Pachta va cs. [51], Horszczaruk va cs. [52]. Sau khi
tiép xtc nhiét d6 900 °C trong 3 gid, toan bd bé mit bé tong xuét hién cac vét nit 1on (xem Hinh 11)
va su lién két cia bé tong gan nhu bi pha hily hoan toan. Bé tong dam lin xi 10 cao va bé tong dam lin
tro triu c¢6 sy 6n dinh nhiét cao hon véi cuong d6 nén con lai khoang 10% cudng do ban dau. Trong
khi d6, bé tong dam lan ddi chimg chi con lai 8% cudng d6 nén so voi cudong do ban dau. Alani va cs.
[53] ciing quan sat thdy két qua twong tu khi vita xi ming tiép xtc v6i nhiét do 900 °C s& giam cuong
do trén 80%.

Hinh 11. Anh cac mau bé tong sau khi bi nung & cac mirc nhiét 3o khac nhau

4. Két luan

Dua trén cac két qua thi nghiém cua nghién ctru, rit ra dugc cac két luan sau day:

- Khi thay thé xi mang bang 15%, 30% va 45% tro trau, do cliing Vebe cua bé tong dam lin ting
tr 35 s 1én 37 s, 40 s va 44 s, tuong tng. Nguoc lai, voi ty 1€ 15%, 30% va 45% xi mang dugc thay
thé bang xi 16 cao, d cling Vebe cua bé tong ddm lin giam nhe tir 35 s xudng 34 s, 33 s va 32 s.

- So v6i bé tong dam ldn d6i ching, khi thay thé 15%, 30% va 45% xi mang bang xi 16 cao cuong
d6 nén 7 ngay tudi giam 6%, 11% va 14%. Tuong tu, dd giam cuong d6 lan luot 13 11%, 22% va 30%
khi thay thé 15%, 30% va 45% xi mang bang tro tru.

- Bé tong dam lan chira 15%, 30% va 45% xi 10 cao c6 cuong dd & 28 ngay tudi cao hon bé tong
dam lan ddi chimg 0,8%, 3,8%, 6,9%. Trong khi d6, cuong do nén bé tong dam lan & 28 ngay tudi
chira 15%, 30% va 45% tro trau thdp hon cuong do bé tong dam lan d6i chung lan lugt 4%, 9% va
13,8%.

- 0 90 ngay tudi, bé tong dam lan chira 45% xi 16 cao c¢6 cudng do cao nhat, cao hon 7,5% so véi
cuong do bé tong dim lan dbi chimng & 28 ngay tudi. Va bé tong dam lan chira 15% tro trdu c6 cudng
d6 bang cuong do bé tong dam lan ddi ching & 28 ngay tudi.

- Bé tong dam lin xi mang mat 3,9% khéi lugng, bé tong dam lan xi 16 cao mat 4,2% khdi luong,
bé tong dam lin tro trau mét 4,1% khdi lwong khi tiép xtc nhiét d6 300 °C trong 3 gid. O mirc nhiét
600 °C, bé tong dam lin xi ming, bé tong dam lan xi 16 cao va bé tong dam lin tro trdu c6 do mat
khdi lugng 1an luot 14 5,9%, 6,2% va 6,0%. Cac mau bé tong dam lan xi 16 cao va bé tong dam lin
tro trau 6n dinh nhiét hon bé tong dam lan chuan, véi do mat khdi lugng 1an luot 1a 8,9% va 8,8% khi
tiép xtic nhiét d6 900 °C. Trong khi d6, bé tong dim lan xi ming c6 d6 mat khéi luong 1a 9,4%.
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- Cudng d6 nén cua tat ca cac cap phdi bé tong dam lan khi bi nung ¢ 300 °C trong 3 gid con lai

khoang 80% va & 600 °C cuong do con lai khoang 57%. Bé tong dam lin xi 10 cao va bé tong dam lin
tro trau c6 sy on dinh nhiét cao hon véi cuong do nén con lai khoang 10% cuong d6 ban dau. Trong
khi do, bé tong dam lan doi ching chi con lai 8% cuong d6 nén so voi cudng do ban dau.
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